This study investigated the presence of carotid artery calcifications (CACs) on panoramic radiographs (PRs) in endstage renal disease (ESRD) patients treated with peritoneal dialysis (PD), and analysed the relationship between CAC prevalence and PD duration. A random sample of 110 PRs were collected from ESRD patients (15 with questionable CACs were subsequently excluded). CACs were found in 26 (27.4%) patients; 10 males (23.3% of all males) and 16 females (30.8% of all females). The overall mean PD period was 4.0 ± 3.2 years. There was a significant difference in PD period between patients with and without CACs (5.3 ± 3.1 years versus 3.5 ± 3.1 years, respectively). To our knowledge, this study has the highest CAC prevalence, is the first to be carried out in ESRD patients being treated with PD and has the largest sample of ESRD patients (n = 95). We believe dentists should carefully evaluate patients' PRs for evidence of CACs, enabling these incidental findings to provide life-saving information.
Introduction
Atherosclerosis is a progressive inflammatory disorder that may lead to coronary artery disease and stroke. The prevalence of atherosclerosis-associated mortality and morbidity is very high in developed countries and is the underlying cause of approximately 50% of all deaths in C Gokce, Y Sisman, M Sipahioglu et al. Carotid artery calcification, peritoneal dialysis and panoramic radiographs western societies. 1, 2 Specifically, stroke is the third aetiology of death in the USA today, preceded only by cardiovascular disease and cancer. 3, 4 Atherosclerosis is believed to be responsible for approximately 50% of all embolic strokes in the USA and is accountable for billions of dollars in direct and indirect costs annually. 5 Not only in the USA, but also in other countries, atherosclerosis and its more dramatic consequences of stroke and heart attack, represent an important health problem. In Turkey, stroke or cerebrovascular accident is the third highest aetiology of death, preceded only by cardiovascular disease and cancer. 6 Approximately 80% of strokes are ischaemic and are due to atherosclerotic disease in the region of the carotid bifurcation. 7, 8 The presence of carotid artery calcifications (CACs) on panoramic radiographs (PRs) was first shown by Friedlander and Lande. 9 They suggested that these radiographs were able to play an important role in the early diagnosis of CACs, which could result in the more serious conditions of heart disease and stroke. 10 Therefore, PRs may help as a diagnostic tool for detecting CACs, and their early diagnosis could potentially decrease morbidity and mortality.
Patients with end-stage renal disease (ESRD) are at increased risk for atherosclerosis, which is a very important risk factor for morbidity and mortality in these patients. 11 -13 Arterial calcifications are very common in patients with ESRD, and their presence has been found to be a strong predictor of cardiovascular morbidity and mortality. 11, 12, 14, 15 In addition to atherosclerosis, there are also many other risk factors for cardiovascular disorders in these patients, 11 and so early detection of calcifications could provide life-saving information.
The aim of the present study was to determine the presence of CACs detected on PRs in ESRD patients treated with peritoneal dialysis (PD), and to analyse the relationship between CAC prevalence and the PD period. According to the literature, this is the first study to investigate CAC prevalence and its relationship in these patients.
Patients and methods

PATIENTS
During 2007, patients with ESRD being treated with PD were investigated by PRs for the presence of CACs. All PRs were taken at the Erciyes University Faculty of Dentistry, Department of Oral Diagnosis and Radiology, Kayseri, Turkey. The PRs had originally been taken for routine patient clinical examination and not for the investigation of CACs. It was, therefore, not necessary to seek ethical approval for the investigation.
PR PROCESSING AND EVALUATION
All PRs were obtained with an Orthopantomograph ® OP100 (Instrumentarium Corp. Imaging Division, Tuusula, Finland). They were processed according to the manufacturer's recommendations in an automatic film processor and were evaluated by the same author (Y.S.). Any PRs that showed questionable CACs were excluded from the study. They were also excluded if either they did not include vertebrae C3 and C4 or if the patient had moved during the radiograph exposure.
Each PR was viewed in subdued ambient light using transmitted light from a standard viewbox. The presence of a radiopaque nodular mass or masses adjacent to the cervical vertebrae at or below the intervertebral space between C3 and C4 was diagnosed as a CAC 16 (Fig. 1 ). Unilateral and bilateral CACs on the radiographs were Carotid artery calcification, peritoneal dialysis and panoramic radiographs recorded separately. For the differential diagnosis of CACs other cervical calcifications, such as calcified triticeous cartilage, calcified thyroid cartilage, hyoid bone and submandibular salivary gland sialoliths, were excluded according to Carter's 17 study. To check intra-observer variation, all the PRs were re-evaluated by the same author after 1 month. The PD period of all patients was noted.
STATISTICAL ANALYSIS
Data are presented as mean ± SD. Statistical evaluation of the data was carried out using the Statistical Package for Social Sciences (SPSS ® version 10.0; SPSS Inc., Chicago, IL, USA). Data were analysed using Student's ttests. P-values < 0.05 were considered to be statistically significant.
Results
Mean (±SD) age and PD period of ESRD patients with and without CACs are shown in Table 1 .
A total of 110 patients with ESRD being treated with PD were originally included in the study. The PRs of 15 patients who had questionable CACs were excluded, hence the PRs of 95 patients were included in the data analysis. This population consisted of 43 males and 52 females, with an overall mean age of 45.9 ± 13.1 years. There was no statistically significant difference in mean age between males (48.7 ± 12.0 years) and females (43.6 ± 13.6 years).
Of the 95 patients included in the data analysis, 26 (27.4%) were detected as having CACs on PRs and of these there were 10 males (23.3% of all males) and 16 females (30. 8% of all females). The mean age of patients with CACs was 51.9 ± 11.3 years and, in this group, mean age was not statistically significantly different for males (53.5 ± 10.7 years) versus females (50.9 ± 11.9 years). There was a statistically significant difference in mean age between patients with CACs (51.9 ± 11.3 years) and those without CACs (43.6 ± 13.1 years) (P < 0.05). Calcifications were unilateral in 20 (76.9%) patients and bilateral in six (23.1%) patients. A total of 32 CACs were, therefore, detected in the 26 patients and, of these, 11 (34.4%) were located on the right side and 21 (65.6%) located on the left side.
The mean PD period for all patients was 4.0 ± 3.2 years (range 1 -14 years) No statistically significant difference in PD period was detected between males (4.0 ± 3.4 years) and females (4.0 ± 3.0 years). There was, however, a statistically significant difference in PD period between patients with CACs (5.3 ± 3.1 years) and those without CACs (3.5 ± 3.1 years) (P < 0.05).
Discussion
Cardiovascular disorders are the leading cause of death among ESRD patients, and accelerated cardiovascular disease is a common complication of this disease. Activators of calcification are increased and inhibitors of calcification are reduced in patients with ESRD, resulting in metastatic vascular calcification, an important aetiology for vascular injury in these patients. 11, 12, 18 It has also been reported that the presence of these calcifications in ESRD patients causes increased stiffness in large, capacitive, elastic-type arteries like the aorta and common carotid artery. 19 Carotid artery calcification, especially when it occurs close to the carotid artery bifurcation, can result in important vascular obstruction, causing stroke. 20 In 1981 standard PR was suggested as a useful tool for detecting patients at risk of stroke because CACs may be seen on PRs adjacent to the cervical vertebrae at the level of the C3 -C4 intervertebral junction. Such calcification may appear as either a radiopaque vertical line or as a nodular radiopaque mass inferior to the angle of the mandible. 9, 16 Verification of CAC must be conducted with cervical spine radiographs, angiography or Doppler ultrasound analysis and imaging. 21 The use of PRs is routine in the evaluation of patients with dental problems. It is not as useful as Doppler ultrasonography, threedimensional computed tomography and angiography for detecting atherosclerotic plaques in the carotid arteries and especially stenosis of the vessels, 22 but it is a very cheap and non-invasive method in comparison with other imaging techniques. PRs may C Gokce, Y Sisman, M Sipahioglu et al. Carotid artery calcification, peritoneal dialysis and panoramic radiographs help us in the early diagnosis and evaluation of CACs in patients with or without associated risk factors and, thus, decrease patient morbidity and mortality due to diseases caused by atherosclerosis. 23 There are many reports in the literature on incidental CACs that have been detected by PRs in a variety of populations. 10, 16, 17, 20, 24 These studies have shown a range for CAC of 2 -5% in the dental outpatient population. There have also been many studies evaluating prevalence of CAC in patients with occult metabolic syndrome, 25 in patients treated with therapeutic irradiation, 26 and in patients with dilated cardiomyopathy, 27 type 2 diabetes mellitus 28 and obstructive sleep apnoea syndrome. 29 All these patients had a higher CAC prevalence, due to underlying disorders causing atherosclerosis, compared with a normal population.
Only two Turkish reports have investigated the prevalence of CACs on PRs, one in the normal population 23 and the other in patients with ESRD. 12 In the study by Bayram et al. 23 the PRs of 4106 subjects were evaluated and 88 (2.1%) were found to have CACs. In the other study by Kansu et al., 12 the CAC prevalence detected by PRs was investigated in 69 adult patients with renal disease (35 were renal transplant recipients and 34 had ESRD). The CAC prevalence was shown to be 15.7% in renal transplant patients and 17.6% in haemodialysis patients. 12 There has also been a published case report by Suarez-Cunqueiro et al. 30 in which a 49-year-old male patient presented with several systemic disorders, including ESRD, and whose PR taken as part of a dental examination showed calcification in the branches of the external carotid artery.
To the best of our knowledge, our present study is the first to investigate the prevalence of CACs on PRs of ESRD patients being treated with PD, and is also the largest sample involving ESRD patients. Moreover, this is the first study to compare the PD duration in patients with and without CACs. We found CAC prevalence on PRs was very high (27.4%) compared with the normal Turkish population (2.1%), 23 haemodialysis patients (17.6%) and renal transplant patients (15.7%). 12 This high prevalence is likely to be due to population size (n = 95) and population homogeneity (only ESRD patients with PD) in the current study compared with the study of Kansu et al. 12 The extent of arterial calcification increases with the dialysis period and age. 19 Ectopic (metastatic) calcification, due to abnormality in calcium and phosphate metabolism and which is related to the duration of dialysis, is also very important for arterial calcification and is very common in patients with ESRD. 11, 12, 19, 31 In the present study it was found that the PD period was significantly higher in patients with CACs compared with those without CACs and, as expected, the mean age of patients with CACs was significantly greater than for patients without CACs.
Our study indicates that the incidental finding of CACs on standard PRs may be important prognostic markers for future coronary artery disease, stroke and death in patients with ESRD. 10 -12,32 The PRs should be carefully examined in the area of the carotid artery not only in patients with systemic disease, such as ESRD or diabetes, but also in asymptomatic patients. 12 The CACs in the present study were detected by standard PR in 27.4% of ESRD patients being treated with PD. The PD period of patients with CACs was significantly higher than for patients without CACs. Most of the CACs were detected on the left side. To our knowledge, this study has the highest CAC prevalence, is the first to be carried out in ESRD patients being treated with PD and has the largest . We believe that dentists should carefully evaluate their patients' PRs for evidence of CACs and refer them for further medical evaluation as necessary because incidental findings could provide life-saving information.
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